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Introduction 

•  Flavor tagging is crucial in e+e− physics 
–  e.g. hbb/cc, tbW, H0A0bbbb 

•  Key ideas: vertex finding over the whole event 
–  Secondary & tertiary vertex reconstruction made possible by low 

background environment & excellent position resolution of the 
detectors 

•  Challenges: 
–  environment with many jets 

•  e.g. e+e−àtthàbqqbqqbb (8 jets) 
•  Tools developed for physics studies at ILC / CLIC: 

–  LCFIVertex [NIM A 610 573 (2009)] 

–  LCFI+ [https://confluence.slac.stanford.edu/display/ilc/LCFIPlus] 

–  developed for the latest physics studies for the ILC TDR using 
full detector simulation 
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Detector Requirements 
Vertex Detector (ILD / SiD) 

Inner radius 15 / 14 mm	

Outer radius 60 mm	


Impact parameter 
resolution	
 < 5 µm (high mom.)	


Tracker: Track selection / V0 rejection 
Calorimeters: Lepton ID / PFA	


ECAL	


Muon / Tail Catcher	


HCAL	


TPC	


VTX	
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Chapter 4. ILD Performance

been implemented in the simulation so as to provide a reasonable description of
the mean material budget. The improvements in the simulation are crucial for a
realistic demonstration of particle flow and tracking performance. A description of
the detector parameters and the reconstruction software can be found in Section 3.4.

All events are reconstructed based on a sophisticated reconstruction chain, in-
cluding using a Kalman-filter based track reconstruction, MarlinTrk, the Pando-
raPFA particle flow algorithm and the LCFIPlus flavour tagging package.

4.1.2 ILD tracking performance

ILD tracking is designed around three subsystems capable of standalone tracking:
VTX, FTD and the TPC. These are augmented by three auxiliary tracking sys-
tems, the SIT, SET and ETD, which provide additional high resolution measurement
points. The momentum resolution goal [184] is

�
1/pT

⇡ 2 ⇥ 10�5 GeV�1.

This level of performance ensures that the model-independent selection of the Hig-
gsstrahlung events from the recoil against leptonic Z ! µ+µ� decays is dominated
by beam energy spread rather than the detector resolution. The performance goal
for the impact parameter resolution is

�
r�

= 5 µm � 10

p(GeV) sin3/2 ✓
µm. (4.1.1)

Meeting this gaol is crucial for the flavour tagging performance, and in particular
the e�cient separation of charm and bottom quark decays of the Higgs boson.

4.1.2.1 Coverage and material budget

Figure 4.1.1a shows, as a function of polar angle, ✓, the average number of re-
constructed hits associated with simulated 100 GeV muons. The TPC provides full
coverage down to ✓ = 37�. Beyond this the number of measurement points decreases.
The last measurement point provided by the TPC corresponds to ✓ ⇡ 10�. The cen-
tral inner tracking system, consisting of the six layer VTX and the two layer SIT,
provides eight precise measurements down to ✓ = 26�. The innermost and middle
double layer of the VTX extend the coverage down to ✓ ⇠ 16�. The FTD provides
up to a maximum of five measurement points for tracks at small polar angles. The
SET and ETD provide a single high precision measurement point with large lever
arm outside of the TPC volume down to a ✓ ⇠ 10�. The di↵erent tracking system
contributions to the detector material budget, including support structures, is shown
in figure 4.1.1b. The spikes at small polar angles correspond to the support struc-
tures, electronics and cabling in the around the TPC endcap region. The bump at
around 90� for the TPC corresponds to the central cathode membrane. Compared

136 ILD DBD

Track impact parameter resolution goal at ILC:	


Ensures good track measurement and flavor tagging.	
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Input variables 

Input variables use information from 
•  jets: tracks, neutrals 
•  tracks: impact parameters & 

covariance, lepton ID 
•  vertex: position, direction, 

momentum, mass 
TMVA multiclass BDT with gradient boost 
in 3 classes (b, c, uds) and 4 categories 
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Zhh à qqbbbb	
 Primary	
 b hadron	
 c hadron	
 other	

# all reco. tracks	
 67575	
 12912	
 15246	
 4087	

# tracks in vertex	
 617	
 8717	
 10529	
 358	


Vertex finder performance	


Zqq, 91.2 GeV	


b 
c 
uds	




Example 
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Zqq, 91.2 GeV 
#vtx =1 category 
b 
c 
uds	


Strong b/c 
separation even if 
the number of 
reconstructed 
vertex is 1	


pT-corrected vertex mass [GeV]	


Je
ts
	




Performance 
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Performance: ννH at 1 TeV 
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entries from h → others and SM backgrounds in (i, j, k) bin. Two dimensional images of the three

dimensional b−, c−, and bc− flavor-likeness template samples for h → bb̄, cc̄, gg, others, and SM

backgrounds are shown in Fig. 8.
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FIG. 8: 2D image of the 3D flavor template samples for Data, h → bb̄, cc̄, gg, others, and SM BGs.

The uncertainty of the rs is evaluated by the 5,000 times of Toy-MC with log-likelihood fitting by

fluctuating the Data samples assuming the Poisson statistics in each bin. After applying template

fitting, accuracies of σBR are extracted from the Gaussian fitting for the fitted parameter rs as

shown in Fig. 9.
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FIG. 9: Fitted distributions of rs for Higgs decaying into (a) bb̄, (b) cc̄, and (c) gg by 5,000 times of Toy-MC

at
√
s = 1 TeV with L = 500 fb−1 and P(−0.8, + 0.2) left-handed beam polarization.

Fitted results and extracted accuracies of σBRs assuming the integrated luminosity of L =

500 fb−1 with both beam polarization P(e−, e+) = P(∓0.8, ± 0.2) and their combined results are

summarized on the Table V.
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Hiroaki Ono, ννH at 1 TeV, Hàbb,cc,gg (ILD) 
Distributions used for template fits. 

c-tagging capabilities are also demonstrated.	
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Performance: ZHH at 500 GeV 
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Junping Tian, e+e− à ZHH at 500 GeV (ILD) 

T. Tanabe – Snowmass BNL, April 4, 2013	


Performance being improved	




Performance: ttH at 1 TeV 
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17/01/2013 Philipp Roloff ttH at SiD 17

8 jets: b-tag values

L
int

 = 1 ab-1

• tt background
scaled by 0.01

• Signal has
4 b-jets, part of 
the background
samples contain 
only 2 b-jets

Philipp Roloff, 
e+e− à ttH at 1 TeV (SiD) 

17/01/2013 Philipp Roloff ttH at SiD 17

8 jets: b-tag values

L
int

 = 1 ab-1

• tt background
scaled by 0.01

• Signal has
4 b-jets, part of 
the background
samples contain 
only 2 b-jets

Performance demonstrated for: 
1) Different detector geometry, and 2) Higher jet energies	
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Summary	

•  Flavor tagging crucial for e+e- physics studies 

•  Current algorithm rather simplistic approach: input variables 
based on tracks, vertices à multivariate analysis 

•  Performance demonstrated with full simulation studies 
under realistic conditions for various jet energies 

•  But still a lot to do: 
–  Improve vertex finding, jet finding, lepton ID 
–  Systematic uncertainties to be evaluated with control 

samples e.g. e+e- à ZZ/ZH, e+e- à qq 
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Extra Slides 
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Implementation	


LCFI+ Data	

Tracks, Neutrals, Vertices, Jets, …	

•  Automatic type identification 
    (Allow one name with multiple types) 
•  Automatic creation/deletion 
    (using ROOT class dictionary)	


Algorithms	


Vertex Finder, Jet Finder, 
Flavor Tagger, …	


•  Parameters class used 
   for type-safe configuration	


LCIO Data	

•  Automatic conversion 

from LCIO to lcfiplus 
classes 

•  Conversion to LCIO 
invoked by processor	


LcfiplusProcessor	

Marlin processor 
•  Marlin parameters control 
algorithms 
•  LCIO I/O configuration	


configure	
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Part II 4.1. ILD Performance

to the letter of intent the material has overall increased slightly due to the more
detailed and realistic simulation, except for the TPC endplate where it has grown
by close to 50%. This is explained in more detail in the TPC section 2.3.
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Figure 4.1.1: (Left) Average number of hits for simulated charged particle
tracks as a function of polar angle. (Right) Average total radiation length
of the material in the tracking detectors as a function of polar angle.

4.1.2.2 Tracking E�ciency

With over 200 contiguous readout layers, pattern recognition and track reconstruc-
tion in a TPC is relatively straightforward, even in an environment with a large
number of background hits. In addition, the standalone tracking capability of the
VTX enables the reconstruction of low transverse momentum tracks which do not
reach the TPC. Hermetic tracking down to low angles is important at the ILC [32]
and the FTD coverage enables tracks to be reconstructed to polar angles below
✓ = 7�.

Figure 4.1.2 shows, as a function of momentum and polar angle, the track recon-
struction e�ciency in simulated (high multiplicity) tt̄ ! 6 jet events at

p
s =500 GeV

and 1TeV respectively. For the combined tracking system, the track reconstruction
e�ciency is on average 99.7 % for tracks with momenta greater than 1 GeV across
the entire polar angle range, and it is larger than 99.8 % for cos(✓) < 0.95.

The e↵ects of background from coherent pair background and from multi-peripheral
�� ! hadrons events are taken into account by overlaying the corresponding number
of events. For the pair background the correct number of bunch crossings resulting
form the foreseen readout times are overlayed.
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Performance	


uds background	


c background	
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Vertex Finder	

Motivated by vertex-first, jet-second approach, a high purity vertex finder was 
developed.  Compared to LCFIVertex, the LCFI+ vertex finder gives: 

•  fewer rate of primary tracks 
•  better efficiency of secondary tracks 
•  improved V0 rejection 
in realistic multi-jet environment 
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Good performance is obtained in reasonable computing time 
without the help of jet finders. 
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